In July 2010, NASA's Office of Chief Technologist initiated a study to identify where substantial enhancements in mission capabilities are needed to enable and enhance future missions, and to provide strategic guidance for the agency's budget formulation and prioritization process. This paper summarizes the Science Instruments, Observatories and Sensor Systems technology assessment with an emphasis on the needs of NASA's Astrophysics Division.
INTRODUCTION
NASA's pursuit of science and exploration cannot proceed without the development of new Science Instrument, Observatory and Sensors System technologies. These technologies are necessary to collect and process scientific data, either to answer compelling science questions as old as humankind (e.g., how does life begin?) or to provide crucial knowledge to enable robotic missions (e.g., remote surveys of Martian geology to identify optimal landing sites). In July 2010, NASA's Office of Chief Technologist (OCT) initiated the Aero-Space Technology Area Roadmap study. The purpose of the study is to identify where substantial enhancements in NASA mission capabilities are needed and recommend areas for significant technology investment. Integrated roadmaps for 15 key technology areas (Table 1) were created. These roadmaps provide a critical snapshot of specific challenges and technologies, as well as how these technologies can support NASA's missions and contribute to significant national needs. These reports will be used as a strategic guide to inform the agency's budget formulation and prioritization process; organize the Office of Chief Technologist solicitations; and initiate an open process of community engagement through a National Research Council space technology evaluation and prioritization process. These roadmaps will be updated annually and externally reviewed every 4 years to insure consistency with the Agency's Strategic Plans. The primary goal is to develop clear recommendations for technology development programs for NASA's highest priority needs as defined by US aeronautics and space policy, and NASA Mission Directorate strategic goals and plans. Each technology assessment must establish the current prioritization of its technology needs; define alternative paths for developing technology to meet those needs; and identify interrelationships between various technologies and their associated development programs. The assessments must identify cross-linkages between each assessment area, as well as how NASA technology advances are synergistic with other national needs, such as energy generation and storage, communications, health and medicine, and national security. Each technology assessment must also identify interrelationships and areas of coordination with other governmental agencies, including understanding of the ongoing investments of other Federal agencies, universities and the private sector. The desired final result is a plan with broad support both inside and outside of NASA. Initial assessments were generated via NASA personnel then submitted to the National Research Council. Through an open process of community engagement, the NRC gathered additional input then integrated and prioritized each Space Technology Area Roadmap. The final report will provide NASA with strategic guidance and recommendations that will inform future NASA technology investment decisions.
Initial internal assessments were developed by reviewing multiple source documents: technology and capability roadmaps (current and past); existing design reference missions, architectures and timelines; and current NASA technology investment portfolios. Additional inputs were collecting from key Center subject matter experts, program offices and HQ Mission Directorates. Technology needs were organized according to a Technology Breakdown Structure (TABS). For each technology area, the state of the art was detailed and both ‗push' and ‗pull' technology needs identified. Pull technologies enable or enhance capabilities required by future planned NASA missions. Push technologies enable previously unachievable mission requirements or solved long-term strategic challenges. Then, using a 20 year horizon, gaps and overlaps across planned technology development efforts were assessed and potential alternative development paths identified. Initial reports are not budget-driven or budget-constrained. The next step will be to develop preliminary cost estimates and prioritize development plans.
Initial 25-page reports were prepared for each TA area and presented to the National Research Council for review (http://www.nasa.gov/offices/oct/home/roadmaps/index.html). The NRC reviews are expected in late summer 2011.
SCIENCE INSTRUMENTS, OBSERVATORY AND SENSOR SYSTEMS TECHNOLOGY
The Science Instruments, Observatories, and Sensor Systems (SIOSS) roadmap address technology needed to achieve NASA's highest priority objectives -not only for the Science Mission Directorate (SMD), but for all of NASA. The SIOSS Team employed a multi-step process. The first step performed an SMD needs assessment. The second step consolidated the identified technology needs into broad categories and organized them into a Technology Area Breakdown Structure (TABS). The next step generated technology development roadmaps for each TABS element. The last step investigated interdependencies with other TA Areas as well as the needs of Other Government Agencies.
Technology Needs Assessment
As summarized by the Science Missions Directorate's (SMD) 2010 Science Plan, NASA's implements strategic science missions specifically selected to answer -profound questions that touch us all.‖ These missions are defined and prioritized, not by NASA, but by NRC Decadal Surveys and are consistent with U.S. national space policy. SMD organizes its science portfolio along four themes: Astrophysics, Earth Science, Heliophysics, and Planetary Science. The SIOSS roadmap is fully traceable Decadal Surveys for Astrophysics, Earth Science, Heliophysics, and Planetary. Technology needs and challenges are traceable to either specific planned science missions (‗pull technology') or emerging measurement techniques necessary to enable new scientific discovery (‗push technology'). A complete list of these documents is in the Bibliography. Using these guidance documents, SIOSS created comprehensive lists, for each SMD Division, of technology needed to enable or enhance planned and potential future missions. These lists were reviewed and refined by individual mission and technology-development stakeholders. Given paper length constraints and the fact that this is an astronomy conference, we shall concentrate on the Astrophysics Technology Need Assessment. The product for the other areas is similar.
Astrophysics Technology Needs
The National Academy 1. Detectors and electronics for X-ray and UV/optical/infrared (UVOIR); 2. Optical components & systems for starlight suppression, wavefront control, & enhanced UVOIR performance; 3. Low-power sub 10K cryo-coolers; 4. Large X-ray and UVOIR mirror systems; and 5. Multi-spacecraft formation flying, navigation, and control.
The first column of Table 2 lists the specific potential mission for which a technology is needed. Additionally, it lists ‗push' if the technology area of that row was identified as having promise of radically improving measurement capabilities to enable emerging missions. Examples of push technology include: broadband high responsivity detectors; very large pixel array detectors; UVOIR telescopes with a 15 to 30 meter aperture; x-ray telescopes with an 8 meter aperture; or 500 meter structural booms. The second column lists the specific technology needed by that mission. The next three columns define: the metric by which the need is quantified, the current state of the art for that metric, and the level to which that technology needs to be developed to enable or enhance future missions. The fifth column gives when technology development needs to begin in order to be at TRL-6 by the date given in the last column.
In addition to the technologies identified in Table 2 , potential Astrophysics missions depend upon several non-SIOSS technologies, including:
Launch vehicles with affordable volume & mass capacities to enable missions of all sizes (especially large); Terabit communication; and micro-Newton thrusters for precision pointing control and formation-flying navigation control. 
Earth Science Technology Needs
The National Academy Earth Science Missions use combinations of active and passive remote sensing instruments/sensors to make the desired science measurements. Earth Science missions can benefit from technology maturation to reduce cost, schedule, and performance risks from SIOSS and other technology areas. Earth Science missions require enabling and enhancing technology primarily for microwave and optical instruments:
Advance antennas, receivers, transmitters, signal-and data-processing electronics, and cryogenic coolers for efficiencies in mass and power for microwave instruments; Improve low-areal density telescopes in the 1-m range, filters and coatings; advance low noise/highly efficient detectors, and focal planes with readout integrated circuits (ROIC); complementary detector arrays, electronics, cryogenic coolers and data processing systems and passive hyperspectral/multispectral/imagers, (UV-Vis-IR-FIR) and spectrometers (0.3 to 50 µm), Advance lasers in 0.3-2.0 µm range (high power, multi-beam/multi-wavelength, pulsed, and continuous wave), detectors, receivers, larger collecting optics, and scanning mechanisms (including pointing and scanning at high angular resolution); improved quantum efficiency detectors, long-life, high-power laser diode arrays; improved high damage threshold optics; Large telescope and RF antenna, which are key enablers for future climate and weather applications.
Heliophysics Technology Needs
The 2009 Heliophysics missions require enabling and enhancing technology development to: Improve UV and EUV detectors (sensitivity, solar blindness, array size, and pixel counts); Reduce noise and insensitivity of electronics and detectors to heat and radiation; Improve UV and EUV optical components (coating reflectivity and polarization uniformity, grating efficiency, and surface figure quality); Improve cryo-coolers for IR detectors; and Improve in-situ particle sensor-aperture size and composition identification.
Additionally, potential Heliophysics missions are critically dependent upon several non-SIOSS technologies, including:
In-space propulsion (solar sails and solar electric) for reaching and maintaining orbits; Space power and radioisotopes for both near Sun and deep space; Terabit communication and data-compression technologies; and Affordable volume and mass capacities of launch vehicles.
Planetary Science Technology Needs
The National Academy The diverse technology needs identified to enable potential future SMD missions was organized in to a three category, 4-level technology area breakdown structure (Figure 1) . The three main categories are: Remote Sensing Instruments/Sensors, Observatories, and In-situ Instruments/Sensors. Remote Sensing Instruments/Sensors includes components, sensors, and instruments which convert electromagnetic radiation (photons or waves) into science data or generate electromagnetic radiation (photons or waves). Science Instruments typically require an observatory. They may be stand-alone sharing a common spacecraft bus with other Science Instruments or Sensor Systems (each with its own dedicated observatory subsystem as is the case of many Earth science or planetary missions). Or, they may be integrated with a single observatory (as is the case of many astrophysics missions). Observatory includes components required to build systems that collect, concentrate, and/or transmit photons. In-situ Instruments/Sensors includes components, sensors, and instruments which create science data from fields or waves (AC or DC electromagnetic, gravity, acoustic, seismic, etc); particles (charged, neutral, dust, etc.); or physical samples (chemical, biological, etc.) . Sensor systems typically do not require an observatory.
Remote Sensing Instruments/Sensors Technologies
Remote Sensing Instruments/Sensors includes components, sensors, and instruments which manipulate and convert electromagnetic radiation (photons or waves) into science data. This category includes components and systems which generate electromagnetic radiation (photons or waves). And, this category includes support technologies such as electronics and cryogenic/thermal sub-systems. Science Instruments typically require an observatory. They may be stand-alone sharing a common spacecraft bus with other Science Instruments or Sensor Systems (each with its own dedicated observatory subsystem as is the case of many Earth science or planetary missions). Or, they may be integrated with a single observatory (as is the case of many astrophysics missions).
Major challenges include:
Detectors/Focal Planes: Improve sensitivity and operating temp. of single-element and large-array devices; Electronics: Radiation-hardened electronics with reduced volume, mass and power; Optics: High-throughput optics with large fields of view, high stability, spectral resolution, and uniformity at many different temperatures; Microwave/Radio Transmitters and Receivers: Low-noise amplifier technologies, with reliable low-power high-speed digital-and mixed-signal processing electronics and algorithms; Lasers: Reliable, highly stable, efficient, radiation hardened, and long lifetime (>5 years); and Cryogenic/Thermal Systems: Low power, lightweight, and low exported vibration.
Detector and Focal-Plane Technology: Detector and focal-plane technologies include: large-format arrays; spectrally tunable detectors; polarization sensitive detectors; photon-counting detectors; radiation-hardened detectors; and subKelvin high-sensitivity detectors. Advances in single-element and large-array detector technologies that improve sensitivity, resolution, speed and operating temperature are needed for several upcoming missions. Two major classes of X-Ray and UV/Vis/NIR/IR detectors are required: 1) large focal-plane array (FPA) detectors with high-quantum efficiency (QE), low noise, high resolution, uniform and stable response, low power and cost, and high reliability that are suitable for survey and imaging missions; and 2) photon-counting detectors featuring ultra-low noise, high-quantum efficiency and signal gain, high-resolution and stable response, suitable for spectroscopic and planet-finding missions. Two superconducting detector technologies show promise for high-density arrays needed for far-IR, mm-wave and xray astrophysics in the next decade: 1) transition-edge superconducting (TES) bolometers and microcalorimeters; and 2) microwave kinetic inductance detectors (MKIDs). Planetary and Earth Science missions require high-performance detectors from 0.2 to 20 µm. Sensitive IR detectors require cooling to reduce dark current noise and reach backgroundlimited IR photo detection (BLIP), making them impractical for many planetary missions because of their volume, mass, and power consumption. However, the development of compact, efficient-low powers cryocoolers will enable the greater use of higher sensitivity detectors that are cooled for these missions. Solid-state γ-ray and neutron detectors with high-energy resolution and directionality are also needed for planetary Science instruments.
Electronic Technology: Electronics technologies include: radiation hardened, low noise, and high speed. Across all disciplines, reducing the volume, mass, and power requirements of instrument electronics are essential to maximizing the science return for future missions. Most instrument electronic systems use traditional printed wiring circuit boards that are populated with discrete components that number in the thousands, resulting in high mass and power consumption. In addition, the cost associated with the reliability and qualification of electronic systems with large component counts is high. One solution to this problem is the development of highly integrated electronics using advanced circuit design and a modern, high-density packaging technology for next-generation instrument systems. Most future missions need significant technology advances in readout electronics for kilo-pixel or larger arrays. Spectrometers across a wide range of wavelengths, meanwhile, require fully digital back-ends for lower mass, higher speed, and reliability. Heliophysics missions need integrated electronics and sensor readouts that enable significant data compression. Future Earth science missions share a common need for low-noise, high-speed, and low-power readout integrated circuit (ROIC) electronics for large focal-plane instruments. Planetary instruments have special needs for high-performance and low-power electronics that can operate at extremely cold, or hot temperatures, and over wide temperature ranges. For missions to Mars, Titan, the Moon, comets and asteroids, electronics are required to operate over a low/wide temperature (-230 Wavelengths range from 0.3 to 2 μm. The key technologies include lasers (high power, multibeam and multiwavelength, pulsed, and continuous wave), detectors, receivers, and scanning mechanisms. For laser-ranging systems, the primary need is a continuous-wave laser with suitable power (>50 mW), narrow linewidth (<2 MHz), and long lifetime (>5 years). The main technology challenge is the lack of manufacturers who can provide space-qualified laser pump diodes. Laser technology is advancing at a very rapid rate with order-of-magnitude increases in key parameters (e.g., 30% wall-plug efficiency). Similar advances are occurring in detector technology.
Cryogenic & Thermal Systems Technology: Cryogenic/thermal-system technologies include: 4-20 K and sub-Kelvin cryo-coolers. Cryogenic and thermal systems include passive and active technologies used to cool instruments & focal planes, sensors, and large optical systems. Active cooling is required to push instruments, sensors, large optics and structures below the temperature limits of radiators and passive methods. Currently, NASA and other government agencies are developing multiple technologies to cool to the 50-80 K range. However, a significant technology gap exists between recent progress and what is required to produce reliable, long-life, efficient thermal systems that can cool instruments, telescopes, and their associated optics to <20 K. Technology investments are needed to raise the 4 K cryocooler to TRL5/6, develop a low-power, low-compressor temperature cryo-cooler operating at 30-35 K for planetary missions, and develop compact, efficient drive electronics scalable to powers ranging from 60-600 W.
Observatory Technologies
Observatory technologies are necessary to design, manufacture, test, and operate space telescopes and antennas, which collect, concentrate and/or transmit photons. Observatory technologies enable or enhance large-aperture monolithic and/or segmented single apertures as well as structurally connected and/or free-flying sparse and interferometric apertures. Applications span the electromagnetic spectrum, from X-ray to UVOIR to radio-wave. Based on the needs of planned and potential future NASA missions, it is possible to define six specific enabling observatory technologies: For all applications, regardless of whether the incumbent system is 0.5 m or 5 m, the fundamental driving need is largercollecting aperture with better performance at a lower cost per square meter. The technologies for achieving performance are the ability to manufacture and test large-mirror systems; the structure's ability to hold the mirror in a stable, strain-free state under the influence of anticipated dynamic and thermal stimuli; and, for extra-large apertures, a method to create the aperture via deployment, assembly, or formation flying -where formation-flying technology is an actively controlled virtual structure. One non-telescope application is the manufacture, deployment, in-plane and formation-flying control of an external-occulting starshade to block starlight for exo-planet observation.
Similar optical technologies are needed to design, manufacture and test both science instruments and telescopes. Other important technologies include validated performance models that integrate optical, mechanical, dynamic, and thermal models for telescopes, structures, instruments, and spacecraft. These technologies enable the design and manufacture of observatories whose performance requirements cannot be tested on the ground. Push technologies includes new materials to enable ultra-stable large space structures; terabit communication; and autonomous rendezvous and docking for on-orbit assembly of very large structures.
In-Situ Instruments/Sensors Technologies
In-situ Instruments/Sensors includes components, sensors, and instruments which create science data from fields or waves (AC or DC electromagnetic, gravity, acoustic, seismic, etc); particles (charged, neutral, dust, etc.); or physical samples (chemical, biological, etc.) . In-situ sensors typically do not require an observatory. In-Situ Sensors technologies can be grouped into three general categories based on what is collected and/or sensed: 1) charged and neutral particles; 2) magnetic and electric fields and waves (e.g., gravity); and 3) chemical, mineralogical, organic, and in-situ biological samples. Technologies related to the first two categories are required for Astrophysics, Heliophysics, and Planetary missions. Technologies related to the third category only supports Planetary missions.
Particle & Plasma Sensors: Particle-sensor technologies include: energetic particles and plasma detectors. Particle and plasma detectors addressing Heliophysics needs are varied and depend on the space environment being measured. For solar wind observations and energetic particles in planetary and near-Earth space environments, the state of art is a complement of an energy-scanning electrostatic analyzer with a micro-channel plate (MCP) detector. Another technology is a solid-state detector to cover the entire energy spectrum. Volume, mass, and power savings could be realized by integrating two instruments into one to enable future Heliophysics and planetary missions. Plasma sensors need techniques to remove out-of-band energies and composition and minimize mass and power resources. For these sensors, radiation-hardened and miniaturized high-voltage power supplies are required.
Fields and Waves Sensors: Fields and wave-sensor technologies include: EM field sensor and gravity wave sensors; magnetometers. Improved knowledge of interplanetary space and its coupling to planetary-body magnetospheres and ionospheres, including the Earth, rely on understanding the flow of mass and energy. Development for AC and DC magnetic and electric field sensors is focused on increasing sensitivity and developing robust and efficient deployment mechanisms and platforms. The magnetic and electric isolation required for the sensors and spatial locations is critical.
In-Situ Sensors: In-situ sensor technologies include: sample handling, preparation and containment; chemical and mineral analysis; organic analysis; biological detection and characterization; and planetary protection. Advances in insitu sensor technology enables and enhances the science return from planetary missions planned over the next 20 years, including surface exploration, subsurface access, sample return, and scout missions prospecting for in-situ resources. 
Technology Development Roadmap
Technology Development Roadmaps were developed for each SMD Division. Figure 2 Triangles represent milestones when technology maturity is required to make a decision. The triangles at 2020 are required for the Decadal review process. Triangles connected via solid vertical red lines indicate the date when all the technologies required for a given mission must achieve TRL-6 in order for that mission to move from development and into implementation. In the case of the TBD (2027/28) missions, which one actually ‗flies' will be depend on of technology readiness and compelling science as determined via the Decadal process. While Explorer missions depend on technology development, it is not possible to identify a specific technology area with a specific Explorer mission. Explorer missions are selected via completion between concepts whose technologies are already at TRL-6 or higher.
Diamonds indicate decision points. There are four decision points in the Astrophysics roadmap. First, in preparation for the Decadal 2020 process, the Exoplanet community needs to make a down select decision between competing starlight suppression approaches and continue development of that approach towards TRL-6. Second, the X-Ray community needs to make a similar down select decision between competing x-ray mirror technologies for a potential IXO mission. Third, if NASA actually deploys a HLLV, it will have fundamental impacts on how future large aperture space telescopes are designed, fabricated and deployed. Until the availability and capacities of a potential future HLLV becomes known, it is necessary to fund parallel technology paths, i.e. how to launch large space telescopes with current EELVs; or how to launch large space telescopes with a HLLV. Once the status of HLLV is definitively known, then the prioritization of these two paths can be reassessed. Finally, whether or not to invest and how much to invest in gravity wave sensor system technology depends upon the success or failure of ESA's Lisa Path Finder (LPF) mission. 
Summary of Top Technology Challenges
The SIOSS top technical challenges (Table 3) 
Interdependencies between Technology Areas and with Other National Needs
While the SIOSS roadmap concentrates primarily on SMD applications, SIOSS technology is broadly applicable to the entirety of NASA missions. SIOSS technologies have interdependencies with all other technology areas (TAs) which flow both ways. And, SIOSS technologies are synergistic with the technology needs of other Governmental agencies to solve some of the Nation's most pressing problems.
Examples of how SIOSS technology impacts other technology areas (TA) include: long-lived high-power lasers and single photon detectors for optical communication; large aperture deployable solar concentrators for space power and solar thermal propulsions; and machine vision systems to aid human and autonomous operations ranging from the assembly of flight hardware to AR&D to 3D terrain descent imaging. Advanced integrated health monitoring sensors are needed for applications ranging from jet engines, to launch vehicles to human health systems and non-destructive evaluation instruments. Sensor systems are critical to many navigation needs, including formation flying -both in space and commercially. Feedback from planetary missions might modify requirements of human-rated planetary vehicles and systems. Earth science data might modify requirements for commercial aviation systems or terrestrial launch operations. And a potential game changing SIOSS technology is a quantum-entangled optical comb clock to enable a deep space positioning system as well as an improved GPS.
Examples of how other technology areas impact SIOSS includes: milli-Newton & micro-Newton thrusters, drag-free propulsion control, and accelerometers that enable advanced gravitation sensors; robotic systems that enable various planetary in-situ sensing; new materials for extreme environments such as Venus or Titan, nano-technology for new miniaturized biological or chemical sensors; or sub-20K cryo-coolers for infrared to far-infrared optical systems and detectors. Other required TA technologies include: downlink communication of terabits of data; solar sails to reach and maintain orbits; descent systems, and aero-capture systems. Potential game changing technologies include a shared power and communication infrastructure at Sun-Earth L2; in-space robotic servicing; human assisted in-space assembly; and of course Heavy Lift Launch Vehicles.
Currently, NASA Earth Science missions are developed collaboratively with the National Atmospheric and Oceanic Administration (NOAA) and sometimes with the Department of Defense (DoD). Observatory and science-instrument technologies enjoy strong synergy with the intelligence community, DoD, and commercial imaging companies. Science instruments and sensor-systems technologies are synergistic with Department of Homeland Security (DHS), Department of Energy, Department of Health and Human Services, and even the Food and Drug Administration. The primary difference between NASA and other potential beneficiaries is the technology's operating environment. Astrophysics and astronomical detectors/focal planes have similar low-noise sensitivity requirements but entirely different operating environments, such as radiation hardness. A similar comparison can be made between planetary or heliophysics in-situ sensors and those used on the battlefield, in a hospital, at port and border checkpoints, or in a meat packing plant. X-ray mirror technology can be applied to commercial X-ray microscopes, X-ray lithography, or synchrotron optics. Space microwave, radar, or THz imaging systems can be applied to DoD and DHS applications. Space microwave, radar and THz imaging systems enjoy DoD and DHS applications, and lidar/DIAL remote-sensing technology have applications ranging from battlefield cloud diagnostics to smoke stack pollution compliance.
NRC PUBLIC COMMENTS ON SIOSS
The initial NASA Technology Assessment Roadmaps were delivered to the National Research Council (NRC) in October 2010 who made them available for public review. During the winter and spring of 2012, the NRC solicited public comments. The Science Instrument, Observatory and Sensor Systems Technology Assessment received 63 inputs. Most of these inputs were corrections, clarifications and amplifications of content already in the report. Others pointed out technologies which the assessment team had missed entirely, such as technology needs for Gamma Ray science. Many of the inputs were made on behalf of individual science communities.
For SIOSS, the vast majority of public inputs 67% (42/63) were made regarding TABS category Remote Sensing Instruments/Sensors Technologies: 14 inputs regarding Detectors and Focal Planes: CZT detectors for x-ray or gamma-ray; next-generation solarblind photo-cathodes; TES detectors; CMB detectors; BGO scintillators; UV photon counting detectors; NIR photon counting detectors; detector with small pixels than specified; detector arrays of size larger than specified; detectors with lower noise than specified.
14 inputs regarding Electronics: 5 inputs for ASIC technology; 3 inputs on miniaturizing components; and 2 inputs each regarding multiplexers, low-noise amplifiers and gravity wave phase sensor electronics. 9 inputs regarding Optical Components: 2 inputs regarding wavefront sensing and control to correct phase, intensity, amplitude and polarization variations; 4 inputs for specific components ranging from x-ray & UV diffraction gratings to narrow band spectral filters to electronically steerable laser beam; 3 inputs microwave polarization feed horns and planar antenna.
3 input regarding Radio/Microwave; 1 input regarding Lasers and 1 inputs regarding Cryogenic/Thermal.
The Observatory TABS category received 14% (9/63) of the public inputs for: 8m UVOIR and 4m UVOIR telescopes, 100 meter microwave antenna, high reflectance UV coatings, x-ray and gamma ray imaging optics on 20 meter booms, athermal telescope structures, 400 sq meter microwave phased array antenna structure, 300 meter booms for atom interferometers and distributed aperture systems.
The In-Situ Instruments/Sensors TABS category received 19% (12/63) of the public inputs: 1 regarding neutral ion detection, 4 regarding atomic clocks, 5 regarding gravity wave detection, 1 for quantum communication, 1 for mineral assessment and 1 other.
CONCLUSIONS
Technology advancement is required to enable NASA's high priority missions of the future. To prepare for those missions requires a roadmap of how to get from the current state of the art to where technology needs to be in 5, 10, 15 and 20 years. In July 2010, NASA's Office of Chief Technologist initiated a study of 15 technology areas to identify where substantial enhancements in mission capabilities are needed and to provide strategic guidance for the agency's budget formulation and prioritization process.
One of these studies was the Science Instruments, Observatories and Sensor Systems (SIOSS) Technology Assessment. The SIOSS Team employed a multi-step process. The first step performed an SMD needs assessment. The second step consolidated the identified technology needs into broad categories and organized them into a Technology Area Breakdown Structure (TABS). The next step generated technology development roadmaps for each TABS element. The last step investigated interdependencies with other TA Areas as well as the needs of Other Government Agencies. For each technology area, the state of the art was detailed and both ‗push' and ‗pull' technology needs identified. Pull technologies enable or enhance capabilities required by future planned NASA missions. Push technologies enable previously unachievable mission requirements or solved long-term strategic challenges.
